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1979 LINEAR ACCELERATOR CONFEKENCE

INJECTOR GPERATIONS AT LAMPF"

Ralph R. Stevens, Jr., John R. McConnell, E. P. Chambetlin, R. W. Hamm, and R. L. York
University of California
Los Alanmos Scientific lLahoratory
Los Alamos, New Mexico 87545

Surmar

The inj)ector complex at LAMPF consists of
three on-line 750-kV injectore which provi'e sim-
ultancous H®W and K™ beans for LAMPF production and
an cff-line 200-keV injector for {on source and
bvam diagnestic developrent studies. The prosent
vperation now entails a 500-uA, HY beam accelvrated
sizulrancously with either a 6-.A, unpolarized or
10-nA, pclarjzed H™ beam, In order to obtain the
low-beaz spil] required for the operation of the
I.AMPF accelerator, it has been necessary teo in-
crease the brightness of the high-intensity H
beam. The operating experience and development
work that has been carried out on all of these in-
jecters to izprove the quality and intensity of
thene beazs will be presented,  The details of the
ceneirui tion of the test stand injector and the
devel: pront prograz planned for this injector will
alt st lined,

Intrda. tion

The injector cuzplex at LAMPF is now fully
cperaticnal and ccusists of three 750-kV or-line
interters that previde high-intensity HY beams
sicu'tanec:sly with lower-{ntensity HY beames which
ray he either polarized or unpelarized, The uti-
lirativn of HT beams is pow approximately equally
Rpllt olweern polarized and anpolarized ojoration.
At jrewent, LAMPF is opcrating at a 7.5% duty fac-
ter with a 9% duty factor planned for the coring
vear, The uvwerall opceration cf w811 the injecters
at trene doey factors continues to be relatively
Vie and stable with most of our operating
now bodng asrociated with changes incur-
In order to

T

pretl
red due te fon source development.

pre-lude these operating preblems which result

fr.= ¢i=1inte devel:;=ent of fon Bources, a test

stand lnfeitor e being construrted which will
prvnide Cff-ldne vajat-dlity for developing new fon
b oaaorn and heaw diaynostic systems,
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F o obheam Operaticon

(107, A ) bLeas current cpera-
tiun’ w.s cbLtal in the [AMiF arcederater in
176, ‘r was foond that the aperture 1imit dn the
A celirar o owas tha tranddtden regloon betworn the
Shevir Tdna oand the FOT MM Inac. (Geration
with 2% as e derator would tten bave Yeen “f-{ted
te cartonte toes than 10 mAL hecanne of heanm s 111
fn 1ty v -ttt regpion, g'
| SRR b the e M
: W tfereroe dn b endttance pr oWt h

After 1.6--2,

Mles of heas ermit-

Sated that there @

in Yy M1 i betwoen the lew-todphitnesy
K} fothe P4 er-brdyhinens HY boams then
»

Worr jerforaed i the aupdoder of the ULS, Dejare:

being used. It was, therefore, concluded that for
the relatively lew-peak currents required at LAMPF,
it would be useful to increase the brightness of
the H* beanms being injected into the linac. Theo-
retical studies® of staticnary distributions also
indicated that a significant increase in beam
brightness could be accornucdated in the LAMPF ac-
celerator. Thus, 8 program was initlated to in-
crease the beam brightness for the H' beams.

During the past three years, a variety of ap-
proaches have been explored for increasing beam
brightness, These range from optimization of ion
source parameters and extraction geometry to ex-
ploration of dif{¢rent modes of beam transport and
enittance taileor:ng on the low-energy beam trans-
port lines. 1t was decided to retain the present
ion scurce and optimize its operation for these
relatively low-pcak currents (20 to 30 mAp). These
eflorte have resclted in an improvement in beam
brightness by ajpproximately a factor of four over
the original beanms and have permitted the desired
operation of LAMPF dt the 6.4-mAp (500-iA,) level.
The present constraint for inereasing H* bearm cur-
rent now is a power limitation in the pion produc-
tion targets. A history of the bcar emittances
that have been run at IAMPF for the past threc
vears is shiown in Table 1.

The majer inproverent in beam quality has oc-
curred ars & resalt of changes in the {on source and
extraction s¥sten.  The original LAMPF duep ™ assa-
tren was patterned clonely after the BNL duoplas-
matron and evmploved an exstraction system with exact
Plerce eptics. Thin jon source bas now been re-
placed with a diffurent, cxpdrically deterzined de-
sign emploving a hipher gradient extraction sveien.
In this design, the Plerce anode has bLueen replaced
by a modified focus electrode having a much s=zaller
aperture (6 nmm instead of 14 me) with a shape de-
tertined from calculations with the plasma sirzula-
tion code SNOW. The extraction electrode has been
saved cieser te the ion source (1,27 instead of
2.5 ¢rt and now has a é-rmm aperture instead ot a
This derdgn entails higher-arc
deves nntead of B oa=mperes) and sote-
what hdpder-pas f1ow (1.5 std co/min dnstead of
1.2 std ¢~ nin).  The bean jrefiles 4n the LAMPF
eolumn as calootate by the plusza simulaticon code

o ir. v oand 4 schematice dMagras
Crenuree extraction sveten

14=im aperture,
curreat 2%

ENDA e
ef the ;100
18 shi-wnoin Fip. O,

Avvte ot e ef o the effect ef varving

the fom oo e wild ejurating paramiters
bas Yoeon oarrfed caut @ 2tder te arrive at this
[

docdpn, The Yoo de apypreath has been to reduce the

eat eof Trergpy.



TABLE 1

HI%10RY OF LAMPF BEAM EMITTANCES

INJFCTOR

2% Threshold

Frittance 2% Threshnld

Cuyrrent
Date (rAY_

vV l.46
Mar 2.0 mAP

0.49

0.56

1.03
1.30
Aug* 0.96
1979 Py 1.33

Brightness RMS
Emittance
_(ce-mrad)_ (mAfcc?-rrad?)  (cr-nrad)t

0.23

0.20

e
0.21
0.13

0.12

0.19

TRANSTTION REGION

2% Threshold Brightness PMS
Current Emittance 22 Thresholg Emittance
_(mA) _ _(cm-prad)t  (=A/ce?-prad:) (cm-mradr

vV 0.65 0.07

- H----- NO DATA = =~ = = - = = = -

3.7 mA 3.7

6.4 mA
Py 0.35

.
The (=itZance values guaied are phott-npare arcalt and are un-norralfized.
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Fig. 1.

sl cf antrazred bean oad 4t the sane ticte In-
Crie.ne the eatrastion gra'ient so as te bhorp a
£.- - 2ant evtrarted current.  For each chanpe In
{on sour e prosairy, optlitam ejerating juarate (-re
vire establinted te produre the smallest bean
(=tvtanre. In pereral, At was fours thatl arc cur-
yers o and arc-mi,tel current wore the soot ocritieal
tirtsed four = .x4= 2 Yoan current

st creters to bo op
wit? the forus olectrodo j ctertial belng foportant
for wlnd-dodog boaT emittane,

The elanges In ciuratdion of the v oparce
v te obtale Yrdynter Yoo bave rennlted An
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Beam prefiles in the w* accelerating colum,

A numter of other don rource coecpconents have
failed as these changes were cade and better de-
signe Lave had te be vxployed. The arzduown rate
of the injector, however, has ceutirued te decrease
as heanm brightness has been Ancrceased,  The only
perfous Liglh-veltoge priblems that veocutred during
there develoyment periods resulted whon sjalling
of the focus electrotde 1ed to 1on exchange loading
with the elestscn trap icitrede,  Thic prodles
wat Corrested vy repiec iy the titenfuz forus elec-
trcde with cne - de ef rtatnlene steel,

AlrY oaph the 3t oy e cnte have occur-
red fros don sonrie wy e Cerafle of ben=

tror oozt te the 1o e Dl 4 rTant An G re-
VitIng - dpteaualdey Yeecns Tt de aarent, fros
tundngp and caretdnp see s oo s Cirded cut during

Poam tuoeud, that e s he ot mdffoant ittt ce
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few kilrnlts and 1n {tself not izportant, @' mul-
tiple :omponerni bzam has a transverse emi'- .nce dis-

trib.tion which is non-ellipsoidal and ca: .ot be
matched to the linac with the precision required
for spill-free cperation in a dual-beam operating
=nde. This energy analysis has resulted in a re-
duction of the avallable H™ current to only 250 L Ap,
but this current {s still adequate to provide the
reguired 6-.Ag cperation. Beam emittances {rom
this injccteor zre typilially twice as large as those
from the H* irccror.

The polarized H Seams are produced in a Lambh~-
shift pelarized 1on source, which 1s heused in an
fndvjindent 750-kV dnjector. Beaz currents on tar-
fet of 10 nAz are now routinely produced with 20-
nA; vperation planned for the coming year. Bear
polarization of 80 to 90% is produced by a spin
filter svstem which permits on-line measurement of
polariration by the quench-ratio method to better
than 1%, Bear emittances are typically on-half to
ore-third those of the high-intensity A* beams and
cssentdally 1008 tranocmission of pelarized beaz
captrred in the linac can be obtained in spite of
the poor matching ohtiained for H™ beams. No depol-
arization of polarization enhkancrnvnt effects to
the 1% level have been observed in the operation of
tk accelerator. A rapid spin-reversal cap:bility
vitich can flip orientation of the proton spin at a
ratc of up to 3 kHz has recently been put into op-
eration for a parity vieclation experinent; the nor-
mal spin-reversal clocking svstem is generally run
with a three minute period. A spin precessor on the
low-crnergy beam transport line percits production of
heams with any desired polarizatlun oricntation in
the experimoenral areas,

Test Stand _Injestor

A 200-FV toest stand injecter is nuow boing con-
structed In the Injector grea to provide a moans for
develepinp new {fon souries on an off-line Yavia, A
diagrem of the high veltige portden of the injecter
is shewr dn Fig. 3, ani a photouraph of the present
construction is shown in Fig. 4.

The {njector consists of a J00-kV hLiph veltaye
pewer 5upply which fiocats an equipnent rack and 1ou
¢« ree at the desired potential, The fon sonrce s
rounted at one end of an accelerating colump ca-ti-
Jewered free a grounded vacuvuz chazber. The ac.el-
erating tube conndsts of plass rings which have been
booied with torr seal epoxy to stalnless Bteel was' -
unted Inside a lucite Jacket contalning
ing s provided by otwo 1500 /s
tur! ited wr groand petential; the base
(SR the rvnt:rn fc In the low 1677 range.  The
fres b oare oo Te, o b te groeend potential, an-
alvzed dnoa 45" Lottt ¢ogonet and transported te
ar ocmdittan oo A solenedd lens has
Bovr placed at the exfy ol the accelerating tube to

[ Yoeome Anto the tran,port

rre and s o

She.

-

onning ctatiocn,

fo v thene

Wl T

A drtailed rtudy of the ITAMEF dusplavmatron is
}lened an woon as censtrtuction of the injecter is
eosplered, 1t ds antidipated that this effort will
develep a ducplasmatron which will provide the




required l-mAy, beams for the present npyrallnﬁnnde ——

with a single high-intensity heam.  Further devel- O
opment of H- 1orn sources required four new applica- :ujij_ !
tions at LAMPF 1s then planned. IRy A 5" E'_ ey .
Ack led . ) _‘_'.".'- e L ) .h.wl.‘._‘ -
Acknovledpements VESL T j}t"; Sl
The authors wish to acknowledge the work of ;=\i T -
John Leavitt in carrying out the design work on "'-a‘b(':} i:‘
the test stand and the work of Larry Dauelsberg - — 1 SR
and Harold Lederer in the construction of this [ "“
injector. - b
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Fig. 3. The 200-kV accelerator for
the ion gource test stand.
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Fig. 4. Prewent construction of the fon source tuest staad,



